These experiments examined the effects of long-term instrumental training on subsequent radial arm maze performance and synoptic transmission within the hippocampal formation. In the first experiment, young (3 mo) and aged (18 mo) male rats underwent 12 weeks of appetitive instrumental conditioning; half were continually reinforced and the other half alternated between reinforcement and extinction. Afterward, spatial cognition was evaluated using an eight-arm radial maze. Subjects undergoing instrumental training performed at rates superior to untrained (control) animals regardless of age or training condition; age-related differences did not exist in the trained groups. In the second experiment, subjects underwent 12 weeks of instrumental training with continuous reinforcement, and excitability of the hippocampus was examined by paired-impulse stimulation of the perforant path. Training enhanced maximal facilitation of population spikes evoked in the granule cell layer of the dentate gyrus of aged subjects to the degree that no statistical difference existed between young and aged animals. Data from untrained control animals indicated a robust decline in paired-impulse excitability in aged subjects. These findings suggest that learning-induced plasticity may attenuate both behavioral and neurobiological changes observed in aged subjects. It is postulated that disuse may underlie some of the cognitive changes exhibited across the life span.
R
ESEARCH has demonstrated that aged animals and humans are impaired in the initial acquisition of learned responses including classical conditioning (Powell et al., 1981) , instrumental conditioning (Harrison and Pavlik, 1983) , spatial cognition (Wallace et al., 1980) , and higherorder learning (Winocur, 1991) . However, effects of age on the retention of spatial information (Beatty et al., 1985) or classically conditioned responses (Coffin and WoodruffPak, 1993) are not significant. This suggests that prior training has a lasting impact on the aged nervous system and that aged animals may show significant benefit from "transfer" effects.
"Transfer of training" has been studied extensively in humans (Ward, 1937; Brown and Kane, 1988) and other primates (Harlow, 1953; Oden et al., 1988) . These earlier studies have focused on the beneficial effects of prior learning on the subsequent performance of a similar task in younger subjects. Webb (1917) and Hunter (1922) demonstrated improved performance by rats over successive maze problems. The first experiment examines the effects of longterm appetitive instrumental training on radial arm maze performance in young and mature subjects.
Experiment 1
Since both spatial learning (Sharp et al., 1985) and instrumental conditioning (Skelton et al., 1987) yield enhanced synaptic transmission within the hippocampal formation, it is possible that long-term instrumental training might enhance spatial cognition in aged animals.
METHODS
Subjects. -Eighteen young (3 mo) and 18 aged (18 mo) male Sprague-Dawley rats (maximum-barrier-maintained/ viral-antibody free) were obtained from Zivic Miller Laboratories (Zelienople, PA). Animals were individually housed with lighting on a 12:12 light/dark cycle. Approximately one week after arrival, animals were placed on a restricted diet to achieve a body weight of approximately 85% of their freefeeding weight.
Design and procedure. -Animals were randomly assigned to untrained control, paired training, or alternating (acquisition/extinction) experimental groups (n = 6). Conditioned groups were trained for a total of 12 weeks. Daily (6 days per week) 20-minute sessions occurred in a conditioning chamber (Layfayette Instrument model 84022ED) in which a bar-press response was autoshaped using food reinforcement (45 mg Noyes pellets). Paired groups were continuously reinforced throughout the training period; alternating groups were trained to a criterion of >60 responses in a session, placed on extinction training to a criterion of <5 responses, and retrained (alternating acquisition and extinction).
At the completion of the instrumental training period, spatial learning performance was evaluated using an eightarm radial maze. The maze was painted white with clear Plexiglas sides (5.7 cm) and stems (71 x 9.5 cm) radiating from an octagonal center platform (42 cm across). Maze training involved consistently baiting four randomly chosen arms of the maze with Noyes pellets (135 mg). Daily B18
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sessions occurred in which subjects were placed in the central platform and allowed no more than 10 minutes to find all baited cups; when the animal consumed the fourth reinforcement, it was promptly removed to the home cage. Full body entrance into a particular stem was scored as a choice. Entry into nonbaited arms was designated a reference memory error, while reentry into a previously baited arm was designated a working memory error. Animals were trained for a total of 4 weeks.
RESULTS
Two young and five aged animals failed to complete the study for health reasons (i.e., tumors, dental impairment). A three-way mixed analysis of variance (with Week as a repeated measure) was conducted on reference error totals by Age, Condition, and Week (2 through 4). Results indicated a significant three-way interaction, F(4,46) = 2.65; p < .05. The Condition by Week two-way interaction, F(4,46) = 8.71, p < .01, and main effects of Week, F(2,46) = 77.83,/? < .01 and Condition, F(2,23) = 9.40, p < .01 were also significant. Application of Tukey's honestly significant difference test to the three-way interaction (see Figure 1 ) revealed that all trained groups committed fewer errors than untrained groups on week 2; both trained young groups and the alternating aged group committed fewer errors than the untrained groups on week 3. All other groups performed at better rates than the aged untrained group on week 4. Comparison of the untrained (control) groups indicated that untrained aged subjects committed more errors than the younger group on weeks 3 and 4. No statistical differences were found regarding working memory errors. The results of the first experiment indicate that prior training on a seemingly unrelated instrumental task enhances subsequent spatial performance in both young and aged rats. Although the young subjects showed benefit as well, effects on aged subjects were robust enough to attenuate performance deficits typically exhibited. Untrained (control) aged subjects showed a persistent deficit in maze performance. Alternating reinforced (acquisition) and nonreinforced (extinction) sessions did not influence the effects. Enhanced performance in spatial cognition following instrumental training may reflect a number of contributing factors. Training-induced changes in the neurobiological circuits underlying learning could be a prominent mechanism.
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As noted earlier, enhanced synaptic transmission occurs within the hippocampus as a consequence of instrumental conditioning (Skelton et al., 1987) . Naive, aged subjects exhibit diminished hippocampal function (Deupree et al., 1993) that is correlated with maze learning performance (de Toledo-Morrell et al., 1984) . However, the capacity for hippocampal synaptic plasticity in response to stimulation remains viable in aged animals (Geinisman et al., 1992) . It is possible that learning-induced synaptic enhancement occurs during instrumental training and later enhances spatial cognitive ability.
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Experiment 2
The second experiment compared excitability of the hippocampus (paired-impulse facilitation) in young and aged subjects undergoing long-term instrumental training with data from untrained control subjects. N-methy-D-aspartate (NMDA) receptors are necessary for the induction of LTP (Collingridge et al., 1983) , mediate paired impulse facilitation (Joy and Albertson, 1993) , and are diminished in naive aged subjects (Ingram et al., 1992) . It is possible that the superior performance of previously trained subjects is attributable to enhancement of hippocampal synaptic transmission following the instrumental training. If so, reactivity of the trained aged subjects should be greater than untrained aged animals and perhaps comparable to the young subjects.
METHODS
Subjects. -Ten young (3 mo) and 10 aged (18 mo) male Sprague-Dawley rats (MBM/VAB) were obtained from Zivic-Miller Laboratories (Zelienople, PA). Animals were cared for and housed as in Experiment 1.
Design and procedure. -Subjects were randomly assigned to either untrained (control) or instrumental conditioning (experimental) groups (n = 5). The experimental group was trained as in Experiment 1 (20-min daily sessions with continuous reinforcement over 12 weeks).
At the completion of the 12-week period, hippocampal synaptic transmission was examined by evaluating maximal facilitation to paired impulse stimulation of the dentate gyms. In brief, rats were anesthetized with halothane (Fluothane) and placed in a Kopf stereotaxic instrument. A midline incision was made and underlying fascia scraped away; holes were drilled through the skull overlying the hippocampal formation. A recording electrode (00 insect pin with epoxylite coating and 50 micron tip) was placed in the granule cell layer of the dentate using stereotaxic coordinates and by monitoring spontaneous neural activity. Bipolar stimulating electrodes (300 micron tips) were positioned in the ipsilateral perforant path using coordinates and by monitoring evoked neural activity.
Once maximal responses to stimulation were obtained, each subject was tested with a series of impulse pairs (interimpulse intervals ranging from 60-300 ms) at an intensity adjusted to evoke 20% of the maximal population spike amplitude. The amplitude of the second evoked response was measured proportional to the amplitude of the response to a single impulse. Maximal facilitation was determined for each of the subjects. Following surgery, subjects were euthanized with an overdose of sodium pentobarbital (Nembutal).
RESULTS
Maximal paired impulse facilitation (percentage of population spike amplitude exceeding that evoked by isolated impulse) was examined using a two-way (Age by Group) ANOVA. Results indicated significant main effects of Age, F(l,16) = 19.8; and Group, F(l, 16) = 14.4,/? <.05. The interaction was also significant, F(l,16) = 6.12, p < .05. Interaction means (see Figure 2) were contrasted using Tukey's HSD. Results showed that the untrained aged animals exhibited less facilitation than did the trained aged or either young group. No other contrast was significant.
DISCUSSION
The results of the second experiment show that aged animals display an apparent recovery of hippocampal synaptic excitability as a consequence of considerable training. Facilitated responses to paired impulses were equivalent to young subjects; responses of untrained aged subjects were markedly reduced in comparison. Untrained young subjects show no such diminution. Because of the apparent role of the hippocampus in associative learning, it is possible that this recovery of synaptic function contributes to the "normal" retention and reacquisition of learned behavior shown by aged subjects as well as to the enhancement of other forms of learning as shown in Experiment 1.
It would appear quite likely that learning-induced plasticity within hippocampus contributes to retention, reacquisition, and transfer of training effects in aged subjects. Further, the mechanism appears to involve the NMDA receptors in that (a) prior activity level modulates later induction of NMDA-mediated LTP (Huang et al., 1992) , (b) preservation of NMDA receptors is essential for spatial learning (Lahtinen et al., 1993) , and (c) learning capacity is related to density of NMDA receptors (Keller et al., 1992) . However, B20
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it is unclear whether the enhancement of hippocampal synaptic transmission requires associative learning or simple activation.
Previous research has demonstrated that early handling has a beneficial effect on hippocampal function (Wilson et al., 1986) and that synaptic transmission is enhanced by exposure to a complex environment (Green and Greenough, 1986) . It is possible that handling and/or increased environmental stimulation also benefits the nervous system and cognitive ability of aged subjects. Preliminary results of a study as yet incomplete suggest that alternating acquisition and extinction training yields a similar enhancement of hippocampal synaptic transmission. This is consistent with findings of Experiment 1 in which alternating instrumental training also improved spatial cognition. We hope to next evaluate the effects of daily handling and nonreinforced sessions on hippocampal function and subsequent spatial performance of aged subjects.
Regardless of the substrate underlying improved cognition, the present research suggests that prior activity level or experience has a significant impact on learning and memory in aged subjects. This is in agreement with the concept that use (activation) of brain systems plays a prominent role in their maintenance (Swaab, 1991) . If this is even partially the case, much of what is viewed as age-related change may in fact reflect disuse. Further study of the role of NMD A receptors in age-related cognitive decline, and transfer of training effects in aged subjects, may clarify our understanding of aging effects on cognition and brain function.
